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INTRODUCTION 
Electronic shearographic interferometry [1,2] and time-resolved infrared radiometry 
(TRIR) [3,4] are both nondestructive evaluation (NDE) techniques that have been shown to 
be sensitive to subsurface and surface breaking defects. With TRIR, the location and type of 
defect can be determined by measuring the development of the surface temperature of an 
object during heating. Electronic shearography is a full-field optical technique that is 
sensitive to changes in out-of-plane displacement derivatives of a deforming object. The 
method is based on the evolution of a speckle fringe pattern formed by laser light scattered 
off the object surface. Various stressing methods have been employed to produce 
characteristic deformations which may be monitored shearographically [1]. Most of these 
techniques including vibration, pressure, mechanical, and thermal loading produce wide-field 
stressing of the test object. Controlled heating with a laser source described in this work 
provides several advantages for flaw detection. This noncontact, localized stressing method 
allows defect information to be obtained while heating. In addition, the beam profile can be 
tailored to aid in the detection of different defect types. This paper presents results of 
simultaneous observations of material response to an applied thermal load using both TRIR 
and shearographic detection methods. Of particular importance is the demonstration that the 
depth of a defect can be determined accurately by measuring the time-dependence of the 
shearographic fringe development during heating. 
EXPERIMENTAL TECHNIQUES 
TRIR is a thermally-based NDE technique in which surface temperature is monitored as 
a function of time during and after the application of a step heating pulse. The variation in 
the surface temperature with time depends on the details of the heat flow through an object 
and is sensitive to the presence of sample interfaces including subsurface disbonds and 
cracks. Once the diffusing temperature field interacts with a thermally-insulating interface, 
the surface temperature will increase more rapidly as a function of time compared with a 
thermally thick reference sample. The point of deviation between the two curves is referred 
to as the thermal transit time which is proportional to the square of the interface depth and to 
the reciprocal of the thermal diffusivity. 
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The experimental setup for obtaining TRIR measurements is shown in Fig. 1. An argon 
ion laser was used as the heating source and was time-gated using a shutter to provide a 
variable pulse length. Several beam profiles were used for these experiments including a 
Gaussian-profile and a line-profile generated by either a cylindrical lens or an acousto-optic 
modulator. The surface temperature of the test object was recorded with an infrared 
focalplane array which provided a full-field time history of the object's surface temperature. 
A micro computer controlled the thermal image acquisition and was employed in data 
analysis. 
The arrangement for obtaining shearographic images is also shown in Fig. 1. Light 
from a 300 mW ReNe laser was used to illuminate the test object. Shearing optics consisting 
of a beam splitter and two mirrors collected light reflected off the object. The amount of 
image shear was controlled by a tilt stage on one of the mirrors. A filter prior to the CCD 
camera eliminated reflected light from the heating laser. Shearographic fringe patterns were 
generated in real time by subtraction of a reference speckle pattern from the (current) 
deformed speckle pattern using a video processor. Data was stored and processed on a 
computer which also controlled frame grabbing. To allow for simultaneous acquisition of 
both thermal and deformation data, frame grabbing with the shearography system was 
controlled by an electronic trigger signal from the TRIR system. 
In the measurements presented here the temporal development of the elastic deformation 
produced by laser heating was monitored shearographically. This was done by tracking the 
position of the shearographic fringes as a function of time. Each fringe represents a contour 
of constant slope of the deformed surface. Upon application of the laser heating beam, the 
thermoelastic deformation in the heated region launches acoustic transients as represented in 
Fig. 2. If the material is elastically thin, the acoustic transients will lead to plate bending to 
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Fig. 1 Experimental setup used for time-resolved shearographic and infrared radiometry 
measurements. 
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relieve the stress associated with thermal expansion. Further, if the material is thermally 
thin, the plate bending stresses decrease characteristically when the diffusing temperature 
field interacts with the back surface and the temperature gradient through the plate thickness 
decreases. 
The experiments described in the following section first show the time-dependent 
shearographic response for a thermally and elastically thick reference specimen of Delrin to 
show the response in the absence of plate bending. Then specimens were examined with 
wide, flat-bottomed holes milled in Delrin to provide regions which illustrate the behavior of 
a bounded, thin plate. Finally a specimen with a smaller diameter flat-bottomed hole which 
provides a localized defect was investigated with a full-field selective detection technique 
produced by carefully aligning the shearing direction relative to the orientation of a line 
heating source. 
MEASUREMENTS 
Response of Thick Reference Specimen 
Initial measurements were made on a thermally and elastically thick sample of Delrin, an 
alternating oxymethylene structure (OCH2). This sample was subjected to laser heating by 
both a Gaussian beam and a short line source generated with a cylindrical lens in order to 
establish the thermal and elastic response of a defect free reference specimen. Using the 
short line source, simultaneous thermal and shearographic data were collected by heating the 
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Fig. 2 Schematic diagram showing development of elastic deformation in specimen 
undergoing laser heating. The black lines show the initial elastic deformation which occurs 
upon heating and the grey lines show the plate bending which results for a thin plate. 
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material for 20 seconds using 150 mW of incident optical power followed by cooling for 40 
seconds. Shearographic data was recorded at a rate of one frame every two seconds during 
this period. The image shear was 3.2 mm in a direction perpendicular to the line source. 
During this period, 120 images were acquired with the TRIR system. 
A selection of thermal images presented in Fig. 3 shows the surface temperature at times 
6, 14, 24 and 40 seconds through the heating and cooling cycle and also indicates the nature 
of the heating source. The fringe pattern development in the corresponding shearographic 
images in Fig. 3 coincides with the time-dependent temperature field as would be expected 
from the thermoelastic origin of the deformation. The surface temperature of the material 
was determined through calibration of the focalplane array. The fringe patterns were 
quantified by tracking the position of individual fringes, which represent lines of constant 
slope, as a function of time. Typically, the position of the dark portion of a low-order fringe 
was measured as the distance of the fringe from the center of the deformation and thus the 
laser heating source. The poor resolution of high-order fringes made position determination 
of these fringes difficult and unreliable. However, the time-dependent position of the first 
fringe was sufficient to provide information about the surface deformations. 
Response of Bounded Thin Plates 
Two bounded thin plate specimens were made by milling 2.5 cm wide flat-bottomed 
holes (FBH) in a thick sample of Delrin to within 1 rom and 2 mm of the top surface of the 
sample. The thermal transit times for these two plate thicknesses were both calculated 
analytically and measured by TRIR and good agreement between theory and experiment was 
obtained. The thermal transit times were found to be 1.9 sec and 7.6 sec for the 1 mm and 2 
rom thick plates respectively. 
The 1 rom deep FBH sample was heated with 40 mW oflaser power for 10 seconds and 
then allowed to cooL During this entire period shearographic images were recorded at a 2 Hz 
frame rate. A selection of the shearographic data is presented in Figure 4 for times 1, 2.5, 4, 
7,9.5, 10.5, 11.5, and 13 seconds. As with the thermally thick sample, the position of the 
first (outside) fringe increased during laser heating until about 2 seconds. At this time the 
fringe position started to decrease even though the material was still being heated. The fringe 
position then decreased even more rapidly when the laser heating source was turned off at 10 
seconds. 
The time-dependent position of the first fringe is plotted in Fig. 5 for the 1 rom deep 
FBH along with the TRIR temperature-time measurements for the 1 mm thick and thermally-
thick cases. The temperature-time curve data in Fig. 5 maps the point on the specimen 
surface at the center of the laser heating beam. The surface temperature curve for the flat-
bottomed hole begins to deviate from that of the thermally-thick reference sample once the 
temperature field in the thermally-thin sample interacts significantly with the back surface 
which occurs by about 2 seconds. 
The fringe measurements up to about 2 seconds show an initial increase in fringe 
position which corresponds to plate bending in response to the asymmetric thermal stressing. 
Once the temperature field interacts with the back surface of the material, thereby reducing 
the thermal gradient, the fringe position begins to decrease as the bending decreases. Upon 
cooling when the heating source is turned off at 10 seconds, the material returns to its 
undeformed state as evidenced by the rapidly receding fringes. 
The 2 mm subsurface FBH sample was heated for 17 seconds since the thermal transit 
time is longer for this thicker section. This longer thermal transit time was confirmed by the 
time-resolved infrared radiometry measurements. The time-dependent fringe position data 
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Fig. 5 Analysis of the shearographic data set partially shown in Fig. 4. The position of the 
first fringe is plotted as a function of time and is indicated by the solid circles. The two solid 
curves show the temperature-time response for a point over a 1 mm deep flat-bottom hole 
and over the semi-infinite reference sample. 
showed a similar plate bending response to that observed in the 1 mm sample. The fringe 
position increased until the thermal transit time was reached and then the fringe position 
decreased when the heating source was turned off. 
Scanned Line Source for Selective Detection Method 
Full-field selective detection of a subsurface defect with shearography was obtained by 
controlling the stressing source. The shearing optics were adjusted to achieve image shear 
parallel to a line heating source created with an acousto-optic modulator. With this 
arrangement, the shearography system was only sensitive to out-of-plane deformation 
derivatives along the direction subjected to uniform thermal stressing. Therefore, no fringes 
develop within homogeneous regions of the material subjected to heating. The defect milled 
in a thermally thick sample of Delrin was 1 cm in diameter and reached within 1 mm of the 
surface. The 3 cm long, 25 mW line source was scanned in a direction normal to its axis at a 
rate of 1.5 mm per second. Upon heating in the region of the flaw, the surface over the flat 
bottomed hole deformed anomalously owning to the edge constraints at the defect boundary. 
The deformation clearly revealed the defect shearographically and the position of the defect 
was confirmed with TRIR results. 
CONCLUSIONS 
Simultaneous thermal and displacement derivative data was obtained from time-resolved 
infrared radiometry and time-resolved electronic shearographic interferometry using 
controlled laser heating. A correlation between shearographic fringe position and the thermal 
transit time was observed for a thermally and elastically thin plate. This introduces a method 
for defect depth determination with shearography. Finally, selective detection of a flat 
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bottomed hole defect was demonstrated by using a pattered laser heating source and selecting 
the appropriate shearing direction for the shearography system. 
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